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Abstract. We study the red giant populations of two dE galaxies, AM 1339-445 and AM 1343-452, with the aim of inves¬ 
tigating the number and luminosity of any upper asymptotic giant branch (AGB) stars present. The galaxies are members of 
the Centaurus A group (D » 3.8 Mpc) and are classified as outlying (R » 350 kpc) satellites of Cen A. The analysis is based 
on near-IR photometry for individual red giant stars, derived from images obtained with ISAAC on the VLT. The photometry, 
along with optical data derived from WEPC2 images retrieved from the HST science archive, enable us to investigate the stellar 
populations of the dEs in the vicinity of the red giant branch (RGB) tip. In both systems we find stars above the RGB tip, 
which we interpret as intermediate-age upper-AGB stars. The presence of such stars is indicative of extended star formation in 
these dEs similar to that seen in many, but not all, dEs in the Local Group. Eor AM 1339-445, the brightest of the upper-AGB 
stars have ^ -4.5 while those in AM 1343-452 have M^,,; x: -4.8 mag. These luminosities suggest ages of approximately 
6.5 ± 1 and 4 ± 1 Gyr as estimates for the epoch of the last episode of significant star formation in these systems. In both 
cases the number of upper-AGB stars suggests that ~15% of the total stellar population is in the form of intermediate-age stars, 
considerably less than is the case for outlying dE satellites of the Milky Way such as Fornax and Leo I. 
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1. Introduction 

Dwarf elliptical and dwarf spheroidal galaxies (we will refer 
to both classes as dwarf elliptical (dE) galaxies from now on) 
are often assumed to have simple star formation histories be¬ 
cause, at the present epoch, they generally lack neutral hydro¬ 
gen and show no current or very recent star formation. These 
properties separate them, morphologically, from the gas-rich, 
star-forming dwarf irregular (dirr) galaxies. However, detailed 
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studies of resolved stellar populations in Local Group (LG) 
dEs have revealed a surprising diversity of star formation his¬ 
tories, with some LG dEs containing stars as young as ~1 Gyr, 
or perhaps even younger (e.g. Eornax and Leo I; see reviews 
bv ba Costal 1 1997t iMateolll QOSi: Ivan den Berghlll999i 1200(1 
lGrebelll200(]l). 


The dwarf galaxies in the LG follow a morphology-density 
relation in that the dEs are preferentially close to the Milky 
Way (MW) or M31, the two most massive galaxies in the LG, 
while almost all of the dIrr galaxies are located in the outskirts 
of the LG in more isolated regions. Eurther, among the MW and 
M31 dE satellite galaxies, there is a tendency for the systems 
that lie at larger distances to have larger intermediate-ag e (i.e. 
age ss 1-10 Gyr) populations (e.g. Ivan den Berghll 19941) This 
has led to the conjecture that proximity to a luminous galaxy, 
and the type of that galaxy, can play an important role in defin¬ 
ing dwarf galaxy evolution. In particular, externally driven pro¬ 
cesses such as ram-pressure stripping by the hot gaseous halo 
















2 


M. Rejkuba et al.: Stellar populations in AM 1339-445 and AM 1343-452 


of a massive galaxy, and/or tidal effects, may control the rate at 
which gas is lost from a dwarf system, and thus its star forma¬ 
tion history. This approach ha s support from nume rical simu¬ 
lations (e.g. lMaver et alJ200lh . l^ebel et al]ll2003ll also argue 
that external gas removal mechanisms are required to generate 
low-luminosity dEs, though they suggest that the transition- 
type dwarfs, i.e. the dwarfs classified as dIrr/dE, are the best 
model for low luminosity dEs that have not lost their gas, rather 
than dirrs. 


However, the model in which the evolution of a dwarf sys¬ 
tem is halted by externally induced gas loss, does not easily 
explain the existence of LG dEs like Tucana and Cetus. These 
dwarfs show very little, if any, evidence for extended star for¬ 
mation de spite having isolated locations far from the MW or 
M31 fe.g. lDa Costalll9*^I.Saraiedini et alJl2002l) . If these dEs 
have always remained isolated, then an internal process must 
have been responsible for the apparent complete gas loss at 
early times. 


In order to explore further the importance of external vs. 
internal processes in driving the star formation in these small 
systems, it is necessary to study in detail dE galaxies in envi¬ 
ronments different from that of the LG. The relatively nearby 
Centaurus A Group (D » 3.8 Mpc) is one such environment. 
This group, which has the unusual giant E galaxy Cen A as 
its single dominant member, is more compact than the LG 
and it pr obably contains perhaps tw ice as many galaxies. Eor 
instance, iKarachentsev et al] ll2002l) list 13 galaxies that are 
most likely within a 600 kpc radius of Cen A, and which are 
brighter than ss -12. Besides Cen A itself, these include 
the giant galaxies NGC 4945 and NGC 5102 as well as 10 
dwarf galaxies, 6 of which are early-type and 4 late-type. This 
catalogue is likely to be significantly incomplete. In contrast, 
in the Local Group, for an approximately equivalent volume 
centered on the LG barycentre and with an equivalen t mag¬ 
nitude cutoff, the compilation of Ivan den Bergh 1 I 2 OO 0 I) yields 
a (complete) sample of 13 galaxies: 4 large galaxies (MW, 
M31, M33 and the EMC), 6 early-type dwarfs (M32, NGC 205, 
NGC 185, NGC 147, Eornax and Sagittarius) and 3 late-type 
dwarfs (SMC, ICIO and IC1613). Thus it is likely that the 
Cen A group has provided a significantly different environment 
for its dwarf members than has the LG. 


We have begun a program to study the red giant popula¬ 
tions of the dE galaxies in the Cen A group, with the ultimate 
aim of investigating the extent to which star formation history 
indicators correlate with distance from the dominant galaxy of 
the group, Cen A. Specifically, we will investigate the number 
and luminosity of upper-AGB stars in the dE galaxies. Upper- 
AGB stars are stars with sufficient mass to evolve to luminosi¬ 
ties above the RGB tip, and their presence, provided the sys¬ 
tem is relatively metal-poor (([Ee/H]) < -1.0), as is the case 
for all but the most luminous dEs, is an unambiguous indicator 
of the existence of an intermediate-age (~1-10 Gyr) popula¬ 
tion. The luminosity of the brightest upper-AGB stars is also a 
measure of the age of the youngest intermediate population of 
significance. Because of their cool effective temperatures, these 
upper-AGB stars are best studied in the near-infrared. Indeed it 
was near-IR observations that provided the first evidence for 


Table 1. Eundamental parameters of the two target dE galaxies 
in Cen A group. 


Name 

AM 1339-445 

AM 1343-452 


ttj2000.0 

13:42:05.8 

13:46:18.8 


Sj2000.0 

-45:12:21 

-45:41:05 


Type 

dE 

dE 

1 

Bt (mag) 

16.32 

17.57 

1 

Rt (mag) 

14.76 

16.02 

1 

(B - R)l (mag) 

1.38 

1.35 

1 

'•eff.R (arcsec) 

23.8 

14.7 

1 

{r)i:S,R 

23.63 

23.85 

1 

E(B - V) (mag) 

0.111 

0.121 

2 

(m - M)o (mag) 

27.87 ± 0.27 

27.99 ± 0.37 

1 (SBE) 


27.77 ±0.21 

27.92 ± 0.25 

3 (TRGB) 


27.74 ± 0.20 

27.86 ± 0.20 

4 (TRGB) 

<[Fe/H]> 

-1.4 ±0.2 

-1.6 ±0.2 
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the diversity of star formation histories am ong the MW dSph 
companions (cf. lAaronson & Mouldll980l) . 

Using the ISAAC near-IR array at the ESO Very Large 
Telescope (VET) we have obtained and /f^-band images of 
14 Cen A group dwarf galaxies. The full data set, together with 
description of the reduction and analysis techniques, will be 
presented in a forthcoming paper (Rejkuba et al., in prepara¬ 
tion). We present here the first results of our program - analy¬ 
sis of the resolved red giant stellar populations of two Cen A 
group dE galaxies, AM 1339-445 (KK 211) and AM 1343-452 
(KK 217). Eor these two galaxies it is possible to supplement 
the near-IR data with V and I band WEPC2 images from the 
HST science archive, permitting estimates of the distances and 
of the average metallicity of their stars. 

In Table ^ we summarize the fundamental parameters of 
the two dwarf ellipticals. The last column gives the literature 
reference for the tabulated data. _ _ 

Using the integrated magnitudes of Llerien et al.l ll2000al) 
and the reddenings and moduli adopted here (see Table ^ 
and following sections) the absolute blue magnitudes of these 
two galaxies are M^ = -11.9 and -10.8, respectively, with 
colours (B - R)c\ = 1.38 and 1.35, typical for dE galaxies (e.g. 
lEvans et^ll990l) . Neither galaxy is detected in the HIPASS 
survey; the 3-cr upper limits on their HI contents correspond 
to 2.8 X lO^Mo and 3.1 x 10® Mq, respectively, for an as- 
sume d 10 kms~^ l i ne width and detection lim i ts of t he survey 
from iBarnes et alJ 1 I 2 OOII) . IKarachentsev et alJ ll2002i) list line- 
of-sight distances for the two galaxies based on the I magni¬ 
tude of the red giant branch tip (see also Sect. 1.3.3> . With those 
distances, the angular s eparations front Cen A, and a distance 
for Cen A of 3.84 Mpc llReikuball2004li . the true separation of 
AM 1339-445 from Cen A is ~3 90kpc, while that of AM 13 43- 
452 is approximately 320 kpc. IKarachentsev et all ilOO'ji la¬ 
bel both dwarfs as companions of Cen A. The distances of 
both these dEs from Cen A are therefore somewhat larger than 
those of the outer dE satellites Leo I and Leo II from the MW, 
and those of the outer dE satellites And II, And VI (Peg) and 
And VII (Cas)from M31. 
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The paper is organised as follows. In the following section 
the observations and reductions are described, first for the near- 
IR data and then for the WFPC2 data. The third section out¬ 
lines the analysis of the resulting colour-magnitude diagrams 
(CMDs) for the two dwarfs. The fourth section discusses the 
results, which are summarised in the final se ction. A prelimi¬ 
nar y description of this w ork has appeared in lOa Co^ il2005h 
an d iReikuba et al.lil200.5h . 


2. Observations and reductions 


The observations and the subsequent photometry of the ISAAC 
frames are summarized in Sect. im More details of the reduc¬ 
tion and analysis techniques will be presented in a forthcoming 
paper (Rejkuba et al., in preparation), together with the pho¬ 
tometry of the remaining 12 Cen A group dwarf galaxies in our 
sample. 

The optical images of our program galaxies come from the 
HST WFPC2 ‘snapsho t’ programme 8192 (PI: S eitzer), and 
have been discussed in iKarachentsev et alJ ( l2002l) . These au¬ 
thors were primarily interested in distances, derived from the 
tip of the RGB, to establish, or confirm, membership in the 
Cen A group for a sizeable samp le of dwarfs of all ty pes. For 
both dEs discussed here, however. l.Terien et an ( l2000bl) had pre¬ 
viously established Cen A group membership via a distance de- 
termined with the surface brightness fluctuation method. Since 
Karachentsev et al. (l2002l) did not publish their photometry for 


individual stars, we retrieved the WFPC2 data frames from the 
HST science archive and carried out our own photometric anal¬ 
ysis. This is described in Sect. 12.21 We then repeat the distance 
analysis and use the CMDs to infer the average metallicity of 
the dE stars and to search for candidate upper-AGB stars. 

The combination of the WEPC2 and ISAAC photometry 
is described in Sect. 12. 3 1 and the final catalogue is available as 
an electronic table from CDS. We note that in order to cor¬ 
rect our photometry for Galactic extinction, we use the fol¬ 
lowing E(B - V) values throughout the paper (cf. Table 
] ii(B - V)AMn^Q-445 = 0.111 and E(B - V) AM 1343-452 = 0.121 


I Schlegel et al. 1998h . We adopt Ay - 3.3E(B - V) and the 
E(y - /), E(B - V) r elation from lPean et al.l (Il978l) . while the 
ICardelli et al1 ( ll989i) extinction law is used to calculate A j and 
Ak values. 


2.1. ISAAC data 

The Near-IR observations of AM 1339-445 and AM 1343- 
452 were taken in service mode using the short wavelength 
arm of the ISAAC instrument on the Antu (UTl) Very Large 
Telescope (VET) at ESO Paranal Observatory. The field-of- 
view is 2(5 X 2(5 and the pixel scale O'.'148. 

Each galaxy was observed once in the Js and twice in the 
Kj-band. AM 1339-445 was observed on July 19, 2004 in the 
Js band, and the two Kj-band epochs were secured on May 10 
and May 14, 2004. The Js and one Ks epoch of AM 1343-452 
were taken on June 27, 2004, and the other Ks observation on 
May 14, 2004. Each observation consisted of a sequence of 
jittered short exposures. The total exposure times were 2352 
sec for each Ks observation and 2100 sec for Js. 


The standard procedure in reducing infrared (IR) data con¬ 
sists of dark subtraction, flat-field correction, sky subtrac¬ 
tion, registering and combining the images. The details of the 
a dopted data reduction procedures within IRAE are described 
in iReikuba et alJ 1120011) . At the end of the reduction all the im¬ 
ages taken within each individual jittered sequence were com¬ 
bined. Erom now on, when we refer to an image in the Js, or 
Ws-band, we always mean these combined sequences. All the 
images have very high resolution thanks to excellent seeing. 
Eor example, on the Ks band images of both galaxies taken on 
May 14, 2004, we measure EWHM of only 0'.'33, while the 
7s-band images have slightly worse resolution, with seeing of 
0'.'58. 

Point-spread-function (PSE) fitting photometry on the 
reduced images was done using the suite of DAOPHOT, 
ALL S TAR and ALLERAME programmes dStetsonl Il987l 
11994 . We combined the Js and Ks images of each galaxy to de¬ 
rive the master star list, which was then used to obtain photom¬ 
etry from the Js and the two Ks images. The final photometric 
catalogue for each galaxy contains all the sources that could be 
measured in both Js and at least one Kj-band image and that 
had photometric errors, measured by ALLERAME, smaller 
than 0.3 mag, and PSE fitting quality parameters < 1.5 and 
|sharpness| < 2. After this selection the catalogues contain 826 
stars in the held centered on AM 1339-445 and 743 stars in 
AM 1343-452. 

Photometric calibration was done by applying the zero 
point difference between our instrumental magnitude measure¬ 
ments and magnitudes of stars found i n common with the 
2MASS all-sky catalog of point sources jCutri et alJl2003ll . as 
previous experience with this instrumental system has shown 
that any colour terms are negligible. The respective Jq vs. 
(J - K)o and Kq vs. [J - K)o CMDs are shown in Pig.[nand 
13 The brighter parts of the CMDs are dominated by field stars, 
many of which have similar (J - K)o colours. Stars found in 
common with the 2MASS catalog, and used for calibration, are 
among the brightest of these held stars. The contribution to the 
CMDs from the galaxy stars are found at the fainter magni¬ 
tudes. 

Completeness and magnitude errors were measured using 
artificial-star tests, which are discussed in more detail in the 
paper that describes the whole dataset (Rejkuba et al., in prepa¬ 
ration). Specifically, the tests show that for these galaxies, the 
completeness and the magnitude errors as a function of magni¬ 
tude vary very little across the held, indicating that there are no 
problems with crowding in the centers of the images. The 50% 
completeness limit is reached at Jq - 22.8 and Kq - 21.8 in 
AM 1339-445, and Jo = 23.0 and Kq = 22.0 in AM 1343-452. 
These completeness limits are indicated on CMDs in Pig. Hand 
13 with dashed lines. Typical error-bars, computed as average 
difference between input and recovered magnitudes as a func¬ 
tion of input magnitude in completeness simulations, are also 
plotted. The errors for colour typical of RGB stars and magni¬ 
tudes close to the RGB tip as well as one magnitude brighter 
are quoted in the captions of these figures. 
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Fig. 1. AM 1339-445 near-IR CMDs. Dashed lines indicate 
50% completeness limits, and the typical error-bars are indi¬ 
cated on the left side. For example, sIKq = 21.5 and ( J - K)q - 
1.0 they amount to ctk - 0.2 and ct^j-k) - 0.3, while one mag¬ 
nitude brighter, at Ko — 20.5, and at the same colour, they are 
ctk - 0.09 and - 0.15. 




Fig. 2. AM 1343-452 near-IR CMDs. Dashed lines indicate 
50% completeness limits, and the typical error-bars are indi¬ 
cated on the left side. For example, at /Tq = 21.5 and (J - K)o = 
1.0 they amount to ctk - 0.15 and ct^j-k) - 0.25, while one 
magnitude brighter, at — 20.5, and at the same colour, they 
are ctk - 0.08 and = 0.12. 


2.2. HST data 

The HST WFPC2 data for each galaxy consists of single 600 
sec exposures through the F606W (‘Wide-V’) and F8141T 
(‘Wide-/’) filters. The pipeline-processed image hies and the 
accompanying data quality hies were retrieved from the HST 
science archive. In both cases the galaxy was centered on 
the WF3 chip. The images were analysed with the December 
2004 version (ve rsion 1.1.7a) of Dolphin’s HSTphot package 
llDolphinIbOOObI) . For each galaxy, the data quality hies were 
hrst used to mask bad pixels and other defects in the images. 


.' ' ' ' 1 *; ' ' 1 J ' ' ' 1 ' ' ' L 

: .m- J 



''>0 ° 


0 1 2 3 0 1 2 3 

(V-I)o (V-I)„ 


Fig. 3. Reddening corrected CMDs for AM 1339-445 from the 
WFPC2 data. WF2 is the upper-left, WF3 is the lower-left and 
WF4 is the lower-right. 


The ‘sky’ image was then computed with the getsky routine 
and the crmask code used in conjunction with both images to 
remove cosmic rays. Finally, the HSTphot code was run to pro¬ 
duce V and I photometry for all objects detected on both im¬ 
ages. This code inclu des updated CTE corrections and zero- 
point calibrations (cf. IDolphinll2000bh . Because of the small 
number of stars on the PCI frames, the data from that chip 
were omitted from the further analysis. 

The output of HSTphot contains a number of parameters for 
each detected object. These include a classification, x, sharp¬ 
ness and roundness parameters, errors in the final magnitude, 
and estimates of the effect of crowding. In order to produce as 
clean a CMD as possible, only objects with a classihcation of 
1 (‘good star’) were retained. Further, stars with discrepant 
sharpness, roundness and errors for their magnitude were dis¬ 
carded. Similarly, any star with a crowding parameter exceed¬ 
ing 0.05 mag was excluded. The reddening corrected CMDs 
for the two galaxies are shown in Fig. □for AM 1339-445, and 
Fig. a for AM 1343-452. It is immediately apparent that the 
galaxy stars are primarily conhned to the WF3 chip, though 
there are indications that galaxy stars also populate the other 
chips to some extent, particularly WF2 for AM 1339-445. 

2.3. Combined data 

While the total WFPC2 held is comparable to that of the 
ISAAC data, it is evident from Figs. □and□ that the bulk of 
the red giants are contained on the WF3 chip. The centres of 
the two galaxies are in the centre of the ISAAC and of the 
WF3 chip, while the overlap between WF2 and WF4 chips and 
the ISAAC held of view is much smaller, as can be seen from 
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Table 2. Combined WFPC2 and ISAAC measurements in V, /, and the average magnitude of all the stars in AM 1339-445 
without extinction correction. For each magnitude in parenthesis we give magnitude errors as given by photometric package, 
HSTphot and DAOPHOT. Here we give only the first three entries, and the complete table is available through the CDS. 


ID 

X(WF3) 

Y(WF3) 

V(±o-) 

I{±a) 

/,(±o-) 

Ks{±(t) 

226 

151.61 

731.13 

21.486 (0.010) 

19.551 (0.007) 

18.29 (0.01) 

17.49 (0.01) 

234 

129.33 

701.22 

26.027 (0.126) 

24.248 (0.121) 

22.96 (0.11) 

22.09 (0.26) 

248 

140.59 

689.67 

21.340 (0.007) 

19.541 (0.007) 

18.36 (0.01) 

17.59 (0.01) 


Table 3. Combined WFPC2 and ISAAC measurements in V, /, and the average magnitude of all the stars in AM 1343-452 
without extinction correction. For each magnitude in parenthesis we give magnitude errors as given by photometric package, 
HSTphot and DAOPHOT. Here we give only the first three entries, and the complete table is available through the CDS. 


ID 

X(WF3) 

Y(WF3) 

V'(±(T) 

l(±a) 

A(±cr) 

KA±a-) 

825 

363.97 

755.06 

26.114 (0.157) 

24.365 (0.133) 

23.06 (0.14) 

21.86 (0.13) 

877 

425.34 

758.28 

23.315 (0.023) 

20.553 (0.012) 

18.73 (0.01) 

17.90 (0.01) 

890 

219.26 

627.35 

26.636 (0.194) 

23.776 (0.081) 

22.49 (0.10) 

21.36 (0.09) 



Fig. 4. Reddening corrected CMDs for AM 1343-452 from the 
WFPC2 data. WF2 is the upper-left, WF3 is the lower-left and 
WF4 is the lower-right. 


Figs.|3and|^ Consequently, we have decided to match only the 
WF3 V/ photometry with the ISAAC data. 

The initial coordinate transformations between the WF3 
and ISAAC images were calculated using the IRAF tasks ge¬ 
omap and geoxytran. The transformations were then refined 
and the co mbined catalog ues made using the DAOMASTER 
programme dStetsonlllQSTI) . The final optical-near-IR photom¬ 
etry lists contain 277 and 190 stars in AM 1339-445 and 
AM 1343-452, respectively. The complete tables of all the 
matched sources are published in the electronic version of the 
paper and are available through CDS. We show in Tables|2and 
|3the photometry for the first three stars in both galaxies. 



Fig. 5. The ISAAC K-band image of AM 1339-445 taken on 
May 10, 2004, with the WF3 field of view indicated with thick 
lines. The thinner lines indicate the overlap with the WF2 and 
WF4 chips. Seeing measured on this ISAAC image is 0'.'50. 
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Fig. 6. The ISAAC K-band image of AM 1343-452 taken on 
June 27, 2004, with the WF3 field of view indicated with thick 
lines. The thinner lines indicate the overlap with the WF2 and 
WF4 chips. Seeing measured on this ISAAC image is Oi'SS. 



Fig. 7. Decontamination of the CMD for AM 1343-452. In the 
upper panels are the observed CMDs for the galaxy (left) and 
field (center) areas. In the bottom panels from left to right 
there are: the cleaned galaxy CMD (clean), the CMD made 
of stars subtracted statistically from the galaxy area that had 
colours and magnitudes similar to those from the field area 
(subtracted), and the CMD for stars from the field area that had 
no counterpart in the galaxy area (negative). 



Fig. 8. Example of one simulation of the expected Milky Way 
foreground stars in the field of view of our combined dataset for 
AM 1339-445 from the Galaxy model of the Besan 9 on group 
(iRobin et alJ2nn3h . The magnitudes of simulated stars include 
realistic errors and correction for incompleteness. The dotted 
lines indicate the boxes used to search for upper-AGB star can¬ 
didates. 

3. Analysis 

3.1. Foreground contamination 

As is evident in Figs. [2and|2j the relatively low galactic lat¬ 
itude of the dE fields results in a relatively large number of 
foreground Galactic stars contaminating the CMDs. The Milky 
Way’s old disk turn-off stars populate the vertical sequence 
around {J - K)q ^ 0.35, fainter red giant branch and red 
clump stars are found along the most populated sequence at 
(J - K)q ^ 0.65, a nd the low mass dw arfs with M ^ 0.6 Mq 
have (J-K)o ^ 0.9 dMarigo et alJ2003l) . It is possible also that 
there are a few contaminating background compact galaxies. 
However, almost all the foreground stars are have colours bluer 
than ( J - K)o < 0.9, and in the near-IR CMDs they are well 
separated from most of the cool giants belonging to the galaxy. 

In order to decontaminate the near-IR CMDs we proceeded 
as follows. First, we determine the galaxy and the field areas 
on the ISAAC array. The former corresponds to the area where 
most of the stars would belong to the target galaxy, while the 
latter contains mostly foreground stars or compact background 
objects. The stellar radial density distribution was obtained by 
counting stars in concentric rings centered on the galaxy. The 
galaxy region was assumed to extend inwards from the level 
where the stellar density reached 20% of the maximum, while 
for the field region, we selected the area outwards from the 
point where the density is 10% of the central value. While it 
is possible that some galaxy stars are present in the field area, 
their contribution should be small. 

Taking into account the relative sizes of galaxy and field ar¬ 
eas, we then subtracted, for each star found in the field area, a 
star with similar colour and magnitude in the galaxy area. The 
maximum allowed difference in colour between the two stars 
takes into account the photometric errors, while the maximum 
allowed difference in magnitude could be larger to allow for 
statistical fluctuations in the luminosity distribution of the field 
stars. The subtraction of a star in the galaxy area depends on 
whether there is a star with similar colour and magnitude in the 
field area, and the probability of its subtraction is proportional 
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to the ratio of galaxy and field areas. We cannot know which 
stars really belong to galaxy and which to held and thus this 
decontamination process is necessarily not unique. However, 
the main features of the subtracted CMDs are robust with re¬ 
spect to different runs of the subtraction code. An example of 
the decontamination process is shown in Fig. □for AM 1343- 
452. In the upper panels we plot the observed CMDs for the 
galaxy (left) and held (center) areas. In the bottom panels we 
plot from left to right; the cleaned galaxy CMD (clean), the 
CMD made of stars subtracted statistically from the galaxy area 
that had colours and magnitudes similar to those from the held 
area (subtracted), and hnally on the right the colours and mag¬ 
nitudes of stars from the held area that had no counterpart in the 
galaxy area (negative). The occurrence of the “negative stars” is 
not unexpected given likely statistical Huctuations in the colour 
and magnitude distribution of the stars in the held region. 

In the optical, thanks to the orientation of the HST held of 
view (see e.g. Fig.|3an dli, larger areas at larger distances from 
the galaxy centres could be used to estimate the held contam¬ 
ination. For AM 1339-445 the held area is generated from the 
stars that lie in the halves of the WF2 and WF4 chips furthest 
from WF3, while for AM 1343-452 it is generated by averaging 
the numbers of stars on the WF2 and WF4 chips. 

Unfortunately, because of the different helds-of-view, a 
similar procedure could not be employed to decontaminate 
the combined optical-IR diagrams. However, simulations of 
the Galactic foreg round, using the Besangon group model 
jRobin et alJl2003l) . can be used to estimate the possible con¬ 
tamination of the region of the CMDs where upper-AGB can¬ 
didates are expected to be found. An example of a simulation 
is shown in Fig.|^ where we note that we have added the sim¬ 
ulated stars into our images and remeasured them in order to 
include realistic errors and incompleteness. 

3.2. Near-IR CMDs and luminosity functions 

The statistically foreground and background decontaminated 
near-IR CMDs for both galaxies are shown in Fig. □ Due to 
larger size of the galaxy, and consequently smaller held area, 
the statistical decontamination worked less well in the case of 
AM 1339-445 leaving a plume of blue stars above the tip of 
the RGB. Overplotted on these CMDs are the RGB hducials 
for Ga lactic globular clusters from the work of iFerraro et alJ 
ll200(]l) . which have been adjusted to the distance modulus 
adopted for each galaxy (see Sect. The giant branches 
shown extend in metallicity from [Fe/H] = -2.2 to [Fe/H] = 
-0.2. The large range of (J - K)o colours along the RGBs of 
these dE galaxies is almost entirely due to the photometric er¬ 
rors. Unfortunately, incompleteness of around 50% at magni¬ 
tude Mk = -5.5 prevents us from determining reliably the av¬ 
erage metallicity from these CMDs. We can only say that the 
average colour is not inconsistent with the mean metallicity cal¬ 
culated from the optical data. 

In both galaxies only the brightest red giants are resolved. 
The held contamination subtracted and completeness corrected 
luminosity functions (LFs) for these bright giants are plot¬ 
ted in Fig. Ei For both galaxies the short thick arrow indi- 




(J-K)o 


Fig. 9. ISAAC JK “cleaned” CMDs for AM 1339-445 (top 
panel) and AM 1343-452 (bottom) with overplotted hducial 
red giant branches for the Galactic globular clusters M15 
([Fe/H] = -2.17), M30 (-2.13), M55 (-1.81), M4 (-1.33), 
M107 (-0.99), 47 Tuc (-0.71), M69 (-0.59), NGC 6553 
(-0.29), and NGC 6528 (-0.23) from iFerraro er^ll2000l) . cor¬ 
rected for the appropriate distance moduli and reddening, and 
shown from blue to red. 


cates the expected location of tip of the RGB^ calcul ated us¬ 
ing the equations (7) and (9) from IValenti et al. I il2004 and the 
distance moduli and mean abundances derived from the opti¬ 
cal data in the following section. For AM 1339-445 the ex¬ 
pected RGB tip magnitudes are Jo.trcb = 22.43 + 0.21 and 
Ko.trgb - 21.44 + 0.23, while for AM 1343-452 they are 
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magnitude 



magnitude 


Fig. 10. Completeness corrected and field contamination sub¬ 
tracted Jq and Kq luminosity functions for AM 1339-445 (top 
panel) and AM 1343-452 (bottom panel). Dotted vertical lines 
indicate 50% completeness limits, while the thick arrows show 
the expected magnitudes of the RGB tip in the two bands. 
For AM 1339-445 these are Jqjrcb - 22.43 and Kqtrcb - 
21.44, while for AM 1343-452 they are Jqjrcb - 22.61 and 
Kqjrcb - 21.67. 


Jo,trgb — 22.61 ±0.21 and — 21.67±0.23. The 50% in¬ 

completeness limit, plotted with dotted vertical lines, for both 
near-lR bands is only few tenths of a magnitude fainter than 
these expected RGB tip magnitudes, yet the LFs for both galax¬ 
ies do show the expected rise at or near the predicted RGB 
tip magnitudes, indicating consistency with the optical results. 


150 


too 


50 


D, 0 

'o 40 

"o) 20 
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22.5 23 23.5 24 24.5 25 

I [mag] 

Fig. 11. Top panel: field subtracted (solid line) and field (dotted 
line) /-band luminosity functions for AM 1339-445. Bottom 
panel: output of a Sobel filter applied to the field subtracted 
function. 



In both galaxies, however, there are a small number of stars 
above the RGB tip that could belong to an intermediate-age 
AGB population. We investigate this possibility in more detail 
in Sect. 13.4l but we note here that at Kq ^ 21.3 and Jo ^ 22.3, 
the magnitude errors are ±0.18 and ±0.19, respectively for 
AM 1339-445, while the photometric errors for AM 1343-452 
are few hundredths of magnitude smaller. Thus it is unlikely 
that this excess of stars above the RGB-tip results entirely from 
magnitude errors for stars at the RGB-tip. 


3.3. Optical CMDs and luminosity functions 


Figures ITTI and IT^ show the /-band LFs for AM 1339-445 and 
AM 1343-452, respectively. In the upper panel of each figure, 
the dotted line shows the field LF. In both cases it is possible 
that there are some galaxy stars in these adopted field regions, 
but their numbers are likely to be small. The solid curves in the 
upper panels of the figures then show the field subtracted LFs 
for the stars on the WF3 chips. In both cases the field subtracted 
LFs hover around zero at brighter magnitudes indicating that 
the adopted field LFs are not grossly in error. 

A sharp increase in the number of stars in the LFs is ex¬ 
pected at the RGB tip, and to aid in the identification of that 
feature, we show in the lower panels of the Figures the output 
of a Sobel edge-detection filter applied to the LF in the upper 
panels. We adopt the peak in this function as outlining the lo¬ 
cation of the RGB tip. For AM 1339-445 this results in Itrcb - 
23.95 ±0.15 while for AM 1343-452 we adopt/ j-rcb = 24.10 ± 
0.15, where in each case the uncertainty represents the combi¬ 
nation of uncertainty in the peak location, taken as ±0.10 mag 
(the bin width), and in the photometry zeropoint. These values 
agree very wel l with 23.93 ± 0.22 and 2 4.11 ± 0.25, respec¬ 


tively, listed by Karachentsev et al 


IPa Costa & Armandrofi ( 199C ) give a calibration (their 


il2002h. 


equation 3) of the bolometric magnitude of the t ip of the 
red giant branch based on the distance scale of iLee et all 
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22.5 23 23.5 24 24.5 25 

I [mag] 

Fig. 12. Top panel: field subtracted (solid line) and field (dotted 
line) /-band luminosity functions for AM 1343-452. Bottom 
panel: output of a Sobel filter applied to the field subtracted 
function. 


h990ll. which includes a dep endence on abundance [Fe/H]. 
IPa Costa & Armandro 31119901) also give a relation (their equa¬ 
tion 2) for the bolometric correction to the I magnitude for red 
giants as function of (V - /)o colour. Together these relations 
yield a calibration of the absolute I magnitude of the RGB tip, 
M/(TRGB), as a function of [Fe/H] and the dereddened (V - /) 
colo ur of the RGB tip. Sim ilarly. ICaldwell et al.l lll998l see 
also lArmandroff et al.l (Il993l)) give a calibration of abundance 
IFe/HI. on the Izinn & ill 984 scale, with (V - /)o,-3.5, 
the dereddened colour of the RGB at M/ = -3.5. Together 
these two relations allow the calculation of the mean abundance 
and distance modulus for each of the galaxies, given /(TRGB), 
(V - /)(TRGB) and the reddening. 

Using the /(TRGB) values given above, the reddening val¬ 
ues given in Sect. Inland (V - I)ojrcb values from the CMDs 
shown in Figs. 0 and(the values adopted were 1.70 + 0.03 
and 1.59 + 0.03, respectively), we derive distance moduli for 
the two galaxies as (m - M)o(AM1339 - 445) = 27.74 + 0.20, 
and (m - M)o(AM1343 - 452) = 27.86 + 0.20. The uncertain¬ 
ties listed take into account uncertainties in the zeropoints of 
the photometry, the uncertainty in the derived mean abundances 
and the uncertainty in the location of the RGB tip. These val¬ 
ues ate_again_ver^_smito_to the distance moduli determined 
by iKarachentsev et aP ll2002l) . who give slightly larger values 
(27.77 + 0.21 for AM 1339-445, and 27.92+0.25 for AM 1343- 
452) resulting from their use of a slightly brighter value for 
M/(TRGB). They are also in very good agreement with mea- 
sured distances from surface brightness fluctuation method by 
Llerien etdl (l2000bl) . who list distances corresponding to mod¬ 
uli of 27.87 ± 0.27 for AM 1339-445 and 27.99 + 0.37 for 
AM 1343-452. 

The mean metallicities of the two galaxies, as determined 
from the mean colour of the RGBs in a ±0.1 mag interval in 
I about M, = -3.5, are <[Fe/H]) = -1.4 + 0.2 for AM 1339- 
445 and <[Fe/H]) = -1.6 ± 0.2 for AM 1343-452. The listed 
uncertainty here includes the effect of uncertainty in the dis¬ 


tance moduli, the statistical and photometric zeropoint uncer¬ 
tainty, ±0.02 and ±0.03 mag, respectively, and uncertainty in 
the abundance calibration. These four contributions are all ap¬ 
proximately equal in size and have been added in quadrature 
to determine the overall uncertainty. In Fig. ini we show the 
WF3 photometry for each ga laxy with the giant branches of 
standard globular clusters from lPa Costa & Armandro^(ll990li 
overplotted, using the distance moduli derived above. The four 
clusters are M15 ([Fe/H] = -2.17), M2 (-1.62), NGC 1851 
(-1.36) and 47 Tuc (-0.71). We also note that, due to the lim¬ 
ited exposure times and the consequent size of the errors in the 
colours for the individual RGB stars, it is not possible to place 
any meaningful constraints on the size of any metallicity spread 
in these galaxies. 

Strictly speaking the average metallicity derived in this way 
is only valid for stellar populatio ns with an age compa rable to 
that of Galactic globular clusters. fSaviane et al ] (l2000l) discuss 
the effect of the younger mean age of the population and the 
RGB colour in Fornax dE. They find that the bluer colours of 
the 5 Gyr old population mimic a ~ 0.4 dex more metal-poor 
stellar population of 15 Gyr. Later we will argue that a sig¬ 
nificant intermediate-age population is present in our targets, 
although with a much lower fraction than in Fornax. Hence we 
estimate that our average metallicities might be systematically 
too low by up to ~ 0.2 dex. Fortunately, none of the conclu¬ 
sions in the following sections are significantly altered if the 
true metallicities exceed those listed by amounts of this order. 
A more detailed discussion of the influence of the composite 
stellar populations on the photometric metallicities and on the 
via RGB tip method is available in 


In general, the optical CMDs (Fig. ns are consistent with 
the old metal-poor population expected for dE galaxies. They 
are dominated by red giants and there is no indication of 
any (young) blue stars. The relatively low Galactic latitude of 
the fields, however, results in significant contamination of the 
CMDs by foreground Galactic stars, particularly for magni¬ 
tudes above the red giant branch tip. Most of them are field 
red clump stars that have optical colours similar to metal-poor 
RGB and AGB stars. Identification of any upper-AGB stars is 
therefore not as straightforward as it is for dEs in higher lati¬ 
tude fields (cf. lCaldwell et alJl998h . 

The LFs in Figs. 11II and 1121 clearly show an apparent ex¬ 
cess of stars above the field LFs at luminosities above that of 
the RGB tip. At the tip of the RGB, the typical error in the I 
magnitudes is cr(/) » 0.1 mag. Consequently, given that any 
star whose photometry was affected by crowding by more than 
0.05 mag has been excluded, it is entirely plausible that these 
stars, particularly those more than 0.2-0.3 mag above the RGB 
tip, are indeed intermediate-age upper-AGB stars. We now use 
our combined optical/near-IR dataset to investigate this possi¬ 
bility. 


measurement of distances 



3.4. Candidate upper-AGB stars 

Asymptotic giant branch stars (AGB) brighter than the RGB 
tip are found in relatively metal-poor intermediate-age popula- 
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Table 4. Dereddened magnitudes in V, /, and the two measurements in the Ks filter of AGB star candidates. In the last two 
columns we li st absolute bolometric magnitud es of these stars calcula ted using the appropria te distance modulus and [BCj^, {V - 
I)c\ relation of lPa Costa & Armandrofdil990l) . and [BCk, (J - of ICosta & Frogelllll996l) . in columns 9 and 10, respectively. 


ID 

X(WF3) 

Y(WF3) 

To(±cr) 

Io(±cr) 

7o(±cr) 

Ki(±cr) 

A'2(±(T) 

Mm(VI) 

MUJK) 

AM 1339-445 

560 

352.55 

527.38 

25.591 (0.109) 

23.236 (0.066) 

22.35 (0.08) 

21.00(0.09) 

21.21 (0.16) 

-4.20 

-3.75 

684 

367.45 

444.05 

25.186 (0.083) 

23.402 (0.070) 

21.87 (0.06) 

20.93 (0.10) 

20.84 (0.07) 

-3.89 

-4.24 

720 

325.04 

378.23 

24.904 (0.066) 

22.933 (0.051) 

21.70 (0.05) 

20.73 (0.08) 

20.61 (0.07) 

-4.41 

-4.40 

729 

119.52 

194.34 

25.361 (0.084) 

23.047 (0.053) 

21.76 (0.06) 

20.82 (0.09) 

20.73 (0.11) 

-4.38 

-4.35 

780 

499.28 

480.96 

24.981 (0.072) 

23.303 (0.073) 

22.27 (0.09) 

21.28 (0.13) 

21.31 (0.15) 

-3.97 

-3.84 

812 

130.06 

140.34 

24.796 (0.059) 

22.955 (0.050) 

21.51 (0.05) 

20.41 (0.07) 

20.30 (0.07) 

-4.36 

-4.58 

817 

576.48 

522.78 

24.981 (0.075) 

23.130 (0.059) 

21.44 (0.04) 

20.48 (0.06) 

20.34 (0.07) 

-4.18 

-4.67 

857 

351.16 

300.80 

25.033 (0.071) 

23.139 (0.060) 

21.78 (0.06) 

20.20 (0.05) 

20.16 (0.05) 

-4.19 

-4.39 

1046 

501.73 

276.17 

24.904 (0.075) 

23.093 (0.057) 

21.52 (0.05) 

20.28 (0.06) 

20.27 (0.06) 

-4.21 

-4.57 

1087 

389.85 

153.30 

25.297 (0.084) 

23.256 (0.062) 

22.21 (0.08) 

20.81 (0.08) 

20.92 (0.15) 

-4.10 

-3.90 

1114 

761.45 

447.66 

25.019 (0.073) 

23.311 (0.066) 

22.35 (0.09) 

21.21 (0.12) 

20.92 (0.09) 

-3.96 

-3.74 

AM 1343-452 

890 

219.26 

627.35 

26.237 (0.194) 

23.540 (0.081) 

22.38 (0.10) 

21.40(0.14) 

21.22 (0.13) 

-4.10 

-3.84 

982 

409.25 

691.57 

25.318 (0.095) 

23.547 (0.084) 

22.39 (0.08) 

21.35 (0.14) 

21.52 (0.16) 

-3.87 

-3.86 

1042 

485.46 

695.75 

26.020 (0.157) 

23.191 (0.062) 

21.37 (0.04) 

20.27 (0.05) 

20.35 (0.05) 

-4.48 

-4.85 

1197 

581.90 

657.49 

25.999 (0.160) 

23.506 (0.080) 

22.06 (0.08) 

20.62 (0.05) 

20.79 (0.08) 

-4.09 

-4.17 

1232 

484.85 

583.75 

24.536 (0.057) 

22.911 (0.054) 

22.43 (0.12) 

20.71 (0.06) 

20.90 (0.08) 

-4.47 

-3.88 

1484 

350.15 

394.85 

25.113 (0.084) 

23.218 (0.067) 

21.97 (0.11) 

20.34 (0.07) 

19.98 (0.04) 

-4.23 

-4.52 

1526 

342.88 

370.90 

25.270 (0.093) 

23.346 (0.073) 

21.53 (0.05) 

20.63 (0.06) 

20.34 (0.06) 

-4.11 

-4.71 

1542 

356.72 

373.95 

25.619 (0.135) 

23.336 (0.072) 

21.75 (0.07) 

20.88 (0.10) 

20.72 (0.09) 

-4.21 

-4.49 

1587 

314.38 

326.92 

25.161 (0.082) 

22.797 (0.049) 

21.79 (0.05) 

20.49 (0.06) 

20.53 (0.06) 

-4.76 

-4.42 

1572 

293.25 

322.81 

25.317 (0.100) 

23.765 (0.096) 

22.22 (0.08) 

21.29 (0.10) 

20.81 (0.09) 

-3.59 

-4.01 


tions, and in metal-rich (IFe/HI ^ -1 dex) and old systems 
( iFrogel & Whitelo^ll998t iGuarnieri et aljlT998l) . In metal- 
poor old Galactic globular clusters, stars brighter than the RGB 
tip are not observed, while th ey are present in the intermediate- 
age LMC and SMC clusters dprogel et alJll99flll . Since the es¬ 
timated average metallicity of our target galaxies shows that 
they are relatively poor in metals, any bright AGB stars above 
the tip of the RGB are expected to belong to an intermediate- 
age population. Due to their cool atmospheres these stars are 
particularly bright in the near-IR wavelength range. Moreover, 
they are typically redder than Galactic foreground stars, and 
thus relatively easy to detect. In optical CMDs, however, this 
distinction is less easy. The availability of matched optical and 
near-IR photometry allows us to investigate the presence or ab¬ 
sence of bright AGB stars in our target galaxies. 

In Sect. l2.3l we described the combination of the optical and 
near-IR datasets to produce a sample of stars in both galaxies 
with VI and JK photometry. The CMDs for these combined 
datasets are shown in Figures m and [HI for AM 1339-445 
and AM 1343-452, respectively. We have adopted the follow¬ 
ing criteria to identify candidate upper-AGB stars in these di¬ 
agrams. First, in the near-IR CMDs we insist that any upper- 
AGB star candidate be redder than the field sequence and be 
brighter than the RGB tip. In other words, the candidates must 
satisfy {J - K)q > 0.90 and Ko <21.4 (AM 1339-445) or Kq 
<21.7 (AM 1343-452). These boundaries are shown as the 
dotted lines in the JK CMDs. To place similar limits in the 
VI CMDs we use as guide t he HST WFPC2 imag ing of two 
M81 group dEs discussed in ICaldwell et al.l ll 19981) . Although 
the two dwarfs studied, F8D1 and BK 5N, are at a comparable 


distance to the dEs studied here, the considerably longer total 
exposure times and the comparatively high Galactic latitude of 
the M81 group, results in precise CMDs that are essentially free 
of foreground and background contamination. Both these M81 
group dEs show clear upper-AGB populations ilCal dwell et alJ 
M998I) . and we use these populations to guide our selection 
of candidates in the VI CMDs for the Cen A group dEs. We 
note that the upper-AGB populations occupy a region in the 
M81 group dEs corresponding to 1.6 < (V - I)o < 3.3 and 
-4.3 > M/ > -5.5. Here the fainter limit has been specifically 
chosen to exceed the RGB tip magnitude by ~0.3 to minimise, 
for the Cen A group dEs where the uncertainties are larger, the 
possibility of false candidates arising from RGB tip stars dis¬ 
placed upwards by photometry errors. This selection region is 
outlined by the dotted-line rectangles in the VI CMDs. 

The stars that satisfy the criteria for candidate upper-AGB 
stars in both the VI and JK CMDs are plotted with filled sym¬ 
bols in EiguresfT^andll5l There are 11 such stars in AM 1339- 
445 and 9 in AM 1343-452. The two long period variable star 
candidates in AM 1343-452 (#1484 and #1526; see below) that 
satisfy both selection criteria in VI and JK CMDs are plotted 
with filled (blue) squares. In addition, one star with an I mag¬ 
nitude only slightly brighter than the RGB tip (#1572; shown 
with large filled (green) triangle in the CMDs), and thus fainter 
than our conservative limit set to 0.3 mag brighter than the 
RGB tip in the I filter, was included in the list of candidate 
AGB stars in AM 1343-452 as it is also a potential long period 
variable star. The full set of photometry measures for these can¬ 
didate upper-AGB stars are given in Table|4] 
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(V-I)o 



Fig. 13. WF3 VI CMDs for AM 1339-445 (top panel) and 
AM 1343-452 (bottom panel) with fiducial red giant branch 
for the Galactic globular clusters M15 ([Fe/H] = -2.17), 
M2 (-1.62), NGC 1851 (-1.36) and 47 Tuc (-0.71) overplot¬ 
ted, using the appropriate distance moduli and reddening. The 
47 Tuc giant branch is not plotted for AM 1343-452. 


In Fig. we show (V - K)o vs. Kq CMDs for both 
galaxies with RGB fiducials for Galactic globular clusters 
M15([Fe/H] = -2.17), M30 (-2.13), M55 (-1.81), M4 
(-1.33 ), M107 (-0.99) and 47 Tuc (-0.71) from|F erraro et ^ 
1 2000l) overplotted using the appropriate distance moduli and 
reddening. As can be seen by the wide spread in colour of these 
globular cluster RGB fiducials, {V - K)q colour is particularly 
sensitive to metallicity. The {V - K)q colours of the red giants 
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Fig. 14. VI and JK CMDs of AM 1339-445 with adopted box 
for the selection of upper-AGB candidates. All the candidate 
upper-AGB stars are plotted with large filled symbols. 



Fig. 15. VI and JK CMDs of AM 1343-452 with adopted box 
for the selection of upper-AGB candidates. All the candidate 
upper-AGB stars are plotted with large filled symbols. The 
three candidate long period variable stars are plotted as large 
(blue) squares and a (green) triangle. 
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Fig. 16. VK CMDs for the stars found in common in HST WF3 
and ISAAC Js and Ks images for AM 1339-445 (left panel) 
and AM 1343-452 (right panel). The lines are Galactic glob¬ 
ular cluster RGB fiducials for M15([Fe/H] = -2.17), M30 
(-2.13), M55 (-1.81), M4 (-1.33 ). M107 (-0.99) and 47 Tuc 
(-0.71) from iFerraro et alJ il2000h . plotted using the appropri¬ 
ate distance moduli and reddening, and going from blue to red. 
The large filled symbols show the position of upper-AGB star 
candidates in these two galaxies. The two candidate LPVs in 
AM 1343-452 that are located within the selection boxes in 
Fig.^lare plotted with filled (blue) squares and the additional 
LPV candidate with slightly fainter /-band magnitude than our 
selection limit is plotted with a (green) triangle. 
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Kq [mag] 


Fig. 17. Top panel; ^T-band magnitude difference measured be¬ 
tween the two epochs for the upper-AGB star candidates in 
AM 1339-445. Due to the only 4 day interval between the two 
observations, none of the stars displays any variability. Bottom 
panel; /T-band magnitude difference measured between the two 
epochs for the upper-AGB star candidates in AM 1343-452. 
The time interval between the two epochs is 43 days. Three of 
the stars, plotted as filled (blue) squares and filled (green) tri¬ 
angle (see text), are LPV candidates as their magnitudes vary 
by more than 0.25 mag and the difference is more than 3.3 cr 
larger than the combined photometric errors. 


in these two galaxies are bracketed by M55 and Ml07 ridge 
lines as expected from the average metallicity derived from the 
optical data alone. The AGB candidates are plotted with larger 
filled symbols and are seen to have magnitudes brighter than 
the RGB tip and relatively red {V - K) colours. This is further 
confirmation that these stars are plausible upper-AGB candi¬ 
dates. 

We also searched for stars with very red i J^ - K^) colours, 
stars that are well measured on both K images but which 
have no counterpart on the J-band image. Such stars might be 
dust enshrouded AGB stars, simil ar to those pres ent in Leo I 
(iMenzies et alJl2002l) and F8D1 jPa Costal l2004l) . Two such 
very red stellar objects are indeed present in AM 1343-452, 


Table 5. K-band photometry and positions of two very red ob¬ 
jects in field of AM 1343-452. 


ID 

Q'2000 

^2000 

Ky(±CT) 

Ki(±cr) 

1182 

13;46;13 

-45;41;27 

21.09 (0.11) 

21.12(0.12) 

2040 

13;46;15 

-45;40;52 

20.81 (0.10) 

20.61 (0.08) 


while none were found in AM 1339-445. Neither of the two 
very red stars in AM 1343-452 show significant variability be¬ 
tween the two K magnitude measurements. One star (#2040) 
is within the field of view of WF3 chip of WFPC2, but is not 
detected in the F814W image. The second red object (#1182) 
is found well outside the main body of the galaxy, and just out¬ 
side of the WFPC2 field of view. While it is possible that that 
object is a compact high redshift galaxy, it is also not excluded 
that it belongs to AM 1343-452. For example, in Leo I one of 
the five very red st ars is also found wel l away from the center 
of its host galaxy (iMenzies et alJEoO^ . The photometry and 
positions of the two very red stars in the field of AM 1343-452 
are listed in Tabled Given that for these stars Jq exceeds 23, 
the 50% completeness limit, they must have ( J - K)o >1.9 and 
2.3, respectively. 

A distinguishing characteristic of upper-AGB stars is that 
most, if not all, are long period variables (LPV) displaying 
large amplitude variations, particularly at optical wavelengths 



As the name implies, the periods for the variability are long, 
typically hundreds of days. These amplitude and period prop¬ 
erties make such stars relatively easy to detect, given sufficient 
epochs, from the gro und even in crovyded fi elds and at distances 
of 4 Mpc or larger dReikiiba et al.ll2003l) . Variability is thus 
a further criterion against which we can assess our candidate 
upper-AGB stars. Unfortunately, due to an operational over¬ 
sight, the two /T-band epochs for AM 1339-445 were observed 
only 4 days apart. This is much smaller than the variability 
timescale of LPVs and thus it is not surprising that none of the 
upper-AGB candidates display variability (Fig. [TTltop panel). 
On the other hand, the AM 1343-452 ^T-band observations are 
separated by 43 days. Of course, with just two epochs we can 
only set a lower limit to the number of variables, as some may 
change very little in the interval or be caught at two phases that 
have similar brightnesses. Nevertheless it is encouraging to see 
in the bottom panel of Fig. El where we plot AK - Ki - K 2 , 
the /T-band magnitude difference measured between the two 
epochs for the AM 1343-452 upper-AGB star candidates, that 
two of these stars, #1484 and #1526 (filled blue squares), are 
indeed probable variables. In both cases the magnitude differ¬ 
ence is more than 3.3 cr larger than the combined photometric 
errors of the two measurements. This result suggests that we 
are indeed selecting genuine candidate upper-AGB stars. Based 
on such variability criteria, we add one more star, #1572, to 
the list of upper-AGB candidates. This one has I magnitude of 
23.77 and it is only very slightly brighter than the RGB tip in 
AM 1343-452 {Iqjrgb - 23.86), and thus outside our conser¬ 
vative AGB selection box in the VI CMD, while it is within 
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the AGB selection box in the JK CMD. We plot this star with 
filled (green) triangle in both panels in Fig. With this star 
and the two very red objects, our final upper-AGB candidate 
list for AM 1343-452 contains a total of 12 stars, while that for 
AM 1339-445 remains at 11. We will discuss the characteris¬ 
tics of these stars and the implications they provide for the star 
formation histories of the dEs in Sect.0] 


3.5. Globular Clusters 


Sharina et al. ll2005 1 made a search for globular cluster can¬ 


didates in low surface brightness dwarf galaxies, based on 
WFPC2 HST archival images. In AM 1343-452 they found no 
globular cluster candidates, but AM 1339-445 has two. Both of 
them are located on WF3 chip and are present in our ISAAC 
dataset. 

We have measured and Ks magnitudes for these two 
globular cluster candidates on our ISAAC images and report 
the reddening corrected Jo and Ko magnitude s in Table |6l 
togeth er with optical magnitudes published by ISharina et al.l 
( I2OO5I) . We compare the colours of these candidates, plot¬ 
ted as filled symbols with error-bars, with those of the Milky 
Way (open circles; Aaronson, Malkan & Cohen; private com- 
munication from J . G. Cohen) and M31 (open triangles; 
iBarmbv et alJ2005) globular clusters in Fig. M For additional 
comparison, we also plot the iso-age line for a 12 Gyr sin¬ 
gle stellar populations (SSP) with meta l licities rang ing from 
[Fe/H] = -2.25 to solar from iMarastonI lll998l 1200,^ models. 
The two globular cluster candidates have optical and near-IR 
colours similar to those of the old and metal-poor globular clus¬ 
ters in these two large spiral galaxies. If we assume that their 
age is of the order of 12 Gyr, then the AM 1339-445 clusters 
would have metallicities between -1.8 S [Fe/H] ^ -1.4. 


4. Discussion 

Given the distance moduli and reddenings of the previous 
sections, we can now use the VI and JK photometry of the 
upper-AGB candidates given in Table to calculate M^o; val¬ 
ues for the stars. For the VI photometry we adopt the bolo- 
m etric correction to the I magni tude given by equation (2) 
oflHr Costa & Arm^ndroffl ill99f)li . Although based on globu¬ 
lar cluster red giants, through the inclusion of red luminous 
giants in 47 Tuc this equation is valid at least to (V - I)o 
2.6. It is thus applicable to all the stars in Tabled] with the 
exception of the two reddest stars in AM 1343-452. For these 
stars we have assumed t hat th e relation can be extrapolated. 
Da Costa & Armandrofil lll990l) note that there is no obvious 
metallicity dependance in the adopted equation, and that the 
dispersion about the fitted relation, 0.06 mag, is consistent 
with the observational errors. Using this relation, the three' 
most luminous of the AM 1339-445 stars in Table |4] all have 
M/,o; » -4.4, while for AM 1343-452, the most luminous star 


' In the following, wherever the sample of upper-AGB stars is 
small, we give the luminosity of the three most luminous stars so as to 
indicate the likely location of the upper-AGB tip, and its uncertainty. 




(J-K)„ 


Fig. 18. Comparison of the optical and near-IR colours for the 
two globular cluster candida tes in AM 1339-445 (filled dots 
with error-bars), selected by ISharina et alJ ll2005ll . with glob¬ 
ular clusters in the Milky Way (open circles) and M31 (open 
triangles). We also plot a 12 Gyr constant age line for different 
metallicities (filled squares): [Fe/H] = -2.2 5, -1.35, -0.33 
and 0 .0 dex, going from blue to red colours jMarastonll 19981 
l2nn.5h . The reddening vector is plotted in the upper left for 
E(B-V) = 0.1 mag. 


has Mhoi ~ -4.75 with the two next most luminous stars both 
having M^; ~ -4.5. 

For the JK photometry, there are a number of possible 
relations that provide bolometric corrections to the K mag 
as a function of (J - K)o colour. These include the relations 
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Table 6. Photometry of Globular Cluster Ca ndidates in AM 1339 -445. The first three columns are the identifier, and the coordi¬ 
nates of the candidate globular cluster from ISharina et al] ll2005ll . After that we list their (X,Y) positions in the ISAA C band 
image and integrated apparent V, I, J and K magnitudes (corrected for Galactic extinction using ISchlegel et ^ (Il998l) maps) and 
corresponding errors. 


ID 

*2000 

^2000 

X(ISAAC) 

Y(ISAAC) 

Vo 

lo 

•fo 

Ko 

KK211-3-917 

13:42:08.0 

-45:12:29 

611.21 

500.09 

20.91 ±0.07 

20.00 ± 0.07 

19.3 + 0.15 

18.76 + 0.10 

KK211-3-149 

13:42:05.6 

-45:12:20 

435.92 

433.74 

19.95 ± 0.07 

19.00 ± 0.07 

18.4 + 0.15 

17.74 + 0.10 


Table 7. Absolute bolometric magnitudes for the brightest upper AGB stars in AM 1339-445 and AM 1343-452 compared with 
those in the dE companions of the MW and M31. For the MW dE companions we also list the time of the last significant star 
formation episode. The references to the literature data for the AGB star magnitudes, and for the star formation histories (only 
for the MW dE companions) are given in columns 3 and 5, respectively. 


galaxy 

Mi,o/ 

Ml, 1,1 reference 

last SF 

SFH reference 

AM 1339-445 

^ -4.5 

this work 



AM 1343-452 

^ -4.8 

this work 



Leo I 

-5.1 to -4.2 

Menzies et a1. (7^^ 

1-2 Gyr 

Gallarf eta1. 119991 

Fornax 

-5.2, -5.05, -4.8 

Demer^^f 0222,1 

300-400 Myr 

.Saviane et al. 12()()()1 

Carina 

-4.8, -4.7, -4.55 

Mould etal. (1982') 

~3Gyr 

Hurlev-Keller et al. 119981 

Leo II 

-4.3, -4.1,-3.9 

Aaron.son & Mould 11985') 

~7Gyr 

Miphell &Rich 119961 

NGC 147 

-5.3 

Nowotn^^L 120031 



NGC 185 

-5.3 

Nowotnv et al. 120031: Kann et al. 120051 



And II 

-4.7, -4.5, -4.25 

Kerschbaum et al. 120041 




given by iBessell & WoodI lll984h . who list relations based on 
oxygen-rich stars in the EMC and the Galax y, and on simi¬ 
lar sta rs in 47 Tuc and the SMC. Similarly, (costa & Frogej 
ill 9961 give a relation deri ved from carbon stars in the EMC, 
while Bergeat et ’ail (120021) tabula e bolometric corrections as 
a function of (J - K)q based observations of Galactic carbon- 
rich giants. We have investigated these relations and find that, 
for the colour^ range of the stars in Table the differences are 
small (<0.10 mag) and are essentially independent of colour. 
This is important because without further information we can¬ 
not be certain whether the candidate upper-AGB stars are M 
stars (oxygen-rich) or C stars (carbon-rich). We note though 
that in metal-poor galaxies similar to those studied here, stars 
with (J - K)o betwee n ~1.3 - 1.5 and 2 are typically found 
to be carbon-rich (e.g. ICioni & HabinglEo03l iRaimondo et al.l 
I2OO5I) . In our upper-AGB candidate lists there are 3 stars in 
each galaxy that fall in this colour range. These stars may well 
be C stars, although more precise photometry will be needed to 
be certain of the classification. 

For the bolometri c corrections to the JK photometry we 
adopt the relation of ICosta & Frogell ll l996ll as it gives cor- 
rections that l i e betw een those of lBessell & Woo(j ill 9841) and 
iBergeat et alJ ll2Q02l) . With this relation, the three most lumi¬ 
nous stars (now based on the JK photometry) in AM 1339-445 
all have Mhoi ~ -4.6, while for AM 1343-452 the most lumi¬ 
nous star has M^o/ -4.85 with the next two most luminous 
having M^o/ -4.7 and -4.5. 

As noted above, most upper-AGB stars are long period 
variables. Consequently, given the significant epoch difference 


^ We have adopted the weighted mean of the two X-band observa¬ 
tions in Table|31as the K magnitude and used that with the J magnitude 
to form the J - K colour. 


between the VI and JK photometry, we should not necessar¬ 
ily expect the most luminous stars in each set to coincide. 
Further, given the photometric errors and potential system¬ 
atic differences between the VI and JK bolometric corrections, 
we should also not necessarily expect the luminosities of the 
brightest star, or any combination of the luminosities of the 
brighter stars to agree. It is gratifying, therefore, to note that 
for each galaxy there is a reasonable degree of consistency be¬ 
tween the two sets of data. For AM 1339-445 the brightest stars 
have Mh„i -4.5 + 0.1 regardless of whether the single most 
luminous, or the mean of the 3 most luminous stars, are consid¬ 
ered for both the VI and JK data sets. One star is also common 
to the most luminous three from the two sets. Similarly, the 
most luminous AM 1343-452 star in our chosen sample has 
Mhoi » -4.8 ±0.1 regardless of which data set is used, and the 
mean of the three most luminous stars is -4.65 ±0.1 again in¬ 
dependent of the photometry set. As for AM 1339-445, there 
is one star common to the most luminous three in the two data 
sets. 

We have then our first clear result: the upper-AGB reaches 
0.2 - 0.3 mag brighter in AM 1343-452 than it does in 
AM 1339-445. We note, however, that the numbers of upper- 
AGB candidates are simply too small to assert with any statis¬ 
tical significance (e.g. >2cr) that there are also relatively more 
upper-AGB stars in AM 1343-452 than in AM 1339-445, de¬ 
spite the 12 vs 11 candidate ratio and a luminosity ratio for the 
areas surveyed of approximately 0.48 to 1.00. 

How do these luminosities compare with those for upper- 
AGB stars in other dE galaxies? We give in Table 0 data for 
the MW dE companions with clearly established upper-AGB 
populations. For each dE, we list the absolute bolometric mag¬ 
nitudes for the few brightest upper-AGB stars (full range for 
Leo I) in column 2 with the reference to the literature source 
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of the photometry in column 3. In most cases, the excep- 
tion is Leo I where we have taken the values directly from 
iMenzies et al.l ll2002l) . the listed values were obtained 
from the publ ished photometry assuming dista nce moduli from 
lMateol( ll998l) and the bolometric corrections of ICosta & Frogell 
ted). We also list in column 4 the time when the last signif¬ 
icant star formation episode ceased, based on literature data, 
referenced in column 5. These epochs are derived from analy¬ 
ses of star formation histories that are based on CMDs reaching 
well below the main sequence turnoff. 

As for the dE companions to M31, the more luminous sys- 
tems all contain notable populations of upper-AG B stars (e.g. 
Battinelli & Demer J2004alhl: fPemei^ and the ref¬ 


erences therein). In particular, as indicated in Table 0 both 
NGC 147 andNGC 185 contain stars as bright as a; -5.3 


llNowotnv et alJl^03h : see also iKang et al.l J2005h . However, 
unlike the majority of the MW’s dE satellites, the low lumi¬ 
nosity dE satellites of M31 generally lack upper-AGB popu¬ 
lations, with onl y And II and And VH (Cas) known to con ¬ 
tain such stars ( lAaronso n et al ] ll985t iHarbeck et al.l |2003) . 
iKerschbaum et alJ ( l2004l) identify and give photometry for 7 
ca rbon stars in And II. Us i ng the VI bolometric corrections 
of lOa Costa & Armandrod ill99f)l) and distance and redden¬ 


ing values from iDa Costa et al .1 il200fl) . we give the bolomet¬ 
ric magnitudes for the three most luminous of these stars in 
Table 0 These values are somewhat brighte r than those dis¬ 
cussed in Sect. 3.5.2 of lPa Costa et alJ ( l2000l) . though it is un¬ 
clear whether there are any stars in common. No deep CMDs 
exist for the dE companions of M31, although, with Advanced 
Camera for Surv eys (ACS) on board HST, it is now possible to 
obtain such data jBrown et al .120031) . 

We have then our second result: the luminosities of the can¬ 
didate upper-AGB stars found here for the Cen A group dEs 
AM 1339-445 and AM 1343-452 are clearly quite comparable 
to those seen among Local Group dEs. 

We turn now to estimating the age of the most luminous of 
the upper-AGB stars in each dE. The relatively small numbers 
of stars in our candidate lists, combined with the rapidity of this 
evolutionary phase, means that the age estimates derived below 
should strictly be considered upper limits: it is possible that a 
larger sample (assuming it was possible to generate one) might 
reveal more luminous stars. Eor this same reason, the derived 
ages should be considered as limits on the epoch of the most re¬ 
cent episode of significant star formation in these galaxies: star 
formation may well have continued past these eras at a suffi¬ 
ciently low rate that the upper-AGB is simply not populated. 
A further complication is that modeling the thermally-pulsing 
phase of AGB evolution is difficult to carry out in detail, and 
the results are sensitive to the mass-loss prescriptions and the 
details of the mixing processes that occur during the thermal 
pulses, as well a s to changes in molecular opacities during the 
third dredge-up jMarigol 20021) . Thus any theoretical calibra¬ 
tion of AGB tip luminosity with age and abundance is neces¬ 
sarily uncertain. The star clusters of the Magellanic Clouds, 
however, provide a set of objects with which an empirical cali¬ 
bration of the bolometric magnitude of the AGB tip as a func¬ 
tion of age can be generated. While these clusters, particularly 
those in the EMC, are somewhat more metal-rich than the dE 



Fig. 19. Our adopted relationship between AGB tip luminos¬ 
ity and age is shown as a solid line. The EMC and SMC cluster 
data used to constrain this relation are shown as open (blue) tri¬ 
angles and filled (cyan) triangles, respectively. The dotted (red) 
line s hows the theoretica l AGB tip luminosity-age relationship 
from IStephens & Eroeell (l2002h . With open (green) star sym¬ 
bols we plot the MW dE galaxies from Table 0 while dashed 
lines are used to indicate the measured AGB tip bolometric 
magnitudes and the inferred ages of the last significant star for¬ 
mation event for the two dEs in Cen A group. 


stars considered here, the theoretical models suggest that the 
dependance on metallicity at fixed age is not la rge. Eor exam¬ 
ple, using the isochrones of iGirardi et al.l(l2002l) . the difference 
in AGB tip luminosity at 2 Gyr for metallicities Z=0.0004 and 
Z=0.004 is only ~0.3 mag (the more metal-poor brighter), with 
the difference decreasing with increasing age. Conversely, for 
the same isochrones, the difference in the AGB tip luminosity 

between 1 and 3 Gyr is ~0.6 mag for both metalli cities. _ 

Us ing the bo lometric magnitudes tabula ted bv iFrogel et alJ 
imd see also iFerraro et 3 dHHoS), EMC and SMC 
distance moduli of 18.5 and 18.9, res pectively, and cl uster ages 
from a yariety of compilations (e.g. lDa Costall20(^ . we haye 
constructed an empirical relationship between AGB tip lumi¬ 
nosity and age, for ages older than approximately 1 Gyr. This 
relation is primarily based on those clusters with exte nsiye 
near-IR obseryations, e.g. NGC 1783 llMould et al.il 9891) . and 
naturally, giyen the lack of such clusters in the EMC, it is de¬ 
pendant solely on SMC clusters for ages beyond 3 Gyr. For 
ages less than this, howeyer, there is no obyious difference be¬ 
tween the two sets of clusters. Further, the relation giyes re¬ 
sults consistent with the (AGB tip luminosity, age of last sig¬ 
nificant episode of star formation) results quoted aboye for the 
MW dE companions. Our adopted relation is shown as the 
solid line in Fig. EHl where each yertical sequence of points 
at fixed age represents all the upper AGB stars for a giyen 
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cluster. The MW dE companion data from Table 0 are plot¬ 
ted with open star symbols. For comparison, with dotted line 
we p lot the relation between th e AGB tip luminosity and age 
from IStephens & Frogell (i2002h. determined by using the stel¬ 
lar evolution models ofiBertell i et al.l (Il 994h and the mass-loss 
prescription of lVassiliadis & Woodl(ll993h . 

Using our empirically derived relation, and the assumed 
AGB tip luminosities (-4.5 for AM 1339-445, and -4.8 for 
AM 1343-452) we derive epochs of the last significant episode 
of star formation in these Cen A group dEs as 6.5 + 1 and 4+1 
Gyr, respectively (dashed lines in Fig.ll9>. The uncertainty in 
age is determined by +0.1 mag uncertainty in AGB tip bolo- 
metric magnitude, but we note that it does not include uncer¬ 
tainty in the relati on between the AGB tip lu minosity and age. 
Clearly use of the lStephens & Frogell ( l2002h relation would re¬ 
sult in somewhat younger ages for the last episode of signifi¬ 
cant star formation. Nevertheless, we conclude that AM 1339- 
445 is comparable to the MW satellite Leo II, while AM 1343- 
452 is comparable to Carina. 

While the ubiquitous occurrence of RR Lyrae variables 
shows that the outlying dE satellites o f the MW conta in at 
least some old (age > 10 Gyr) stars (e.g. iHeld et al.l200ll) . the 
stellar populations of these systems, particularly Fornax and 
Leo I, are dominated by stars of intermediate-age. It is there¬ 
fore of interest to attempt to estimate the relative importance 
of the intermediate-age populations in the Cen A group dEs. 
Clearly the lack of observations reaching substantially fainter 
than the tip of the red giant branch means that we cannot 
provide detailed es timates of the star formation histories (cf. 
lGallartetalJll999tl . Nevertheless, we can use simple models 
to provide some information on the relative importance of the 
intermediate-age stars. Specifically, we assume that the dwarfs 
are made up of two discrete populations: one which is old, as¬ 
sumed to be 13 Gyr in age, and one which is of intermediate 
age with the same metallicity. The intermediate-age population 
fraction is then estimated from the numbers of candidate upper- 
AGB stars (11 for AM 1339-445,12 for AM 1343-452), which 
are presumed to come only from the intermediate-age popula¬ 
tion, as a proportion of the number of red giants between the tip 
of the RGB and 0.3 mag fainter (in I). These stars come from 
both populations. We denote this ratio by Pja- Using the CMDs 
ofFig.iniwe findf-M 0.05-0.10 for both AM 1339-445 and 
AM 1343-452. 

We use models kindly provide d by Claudia Maraston t o in- 
terp ret these ratios . The m odels (cf. lMarastonl(ll998il2005l) : see 
also iFerraro et al ]( |2004 ) estimate the energetics of any post- 
main-seq uence phase by using the so-called fuel consumption 
theorem (iRenzini & Buzzonill 19861) . and have been calibrated 
with the integrated colours of Magellanic Cloud clusters. Using 
the models for [Z/H] = -1.35, which is appropriate for the 
dEs given the mean metallicities derived in Sect. 1.3.31 we cal¬ 
culate values of Pja for ages of the intermediate-age compo¬ 
nent of 1, 2, 4, 6 and 9 Gyr, and for intermediate-age pop¬ 
ulation fractions varying from 0.0 (i.e. old stars only) to 1.0 
(i.e. intermediate-age stars only). In all cases we include in 
the calculation of the relative number of red giants between 
/(TRGB) and /(TRGB+0.3) not only first ascent red giants, but 
also early-AGB stars in the same I magnitude range. 


The models indicate that if we assume an age of ~6.5 Gyr 
for the intermediate-age population in AM 1339-445, and ~4 
Gyr for AM 1343-452, then the observed values of Pja for the 
dEs imply intermediate-age population fractions of ~15% for 
both galaxies. It is not easy to give an uncertainty for this value, 
but it most likely a lower limit on the true fraction. For exam¬ 
ple, the number of upper-AGB candidates is likely to be a lower 
limit on the actual number, given the selection process and the 
photometric errors. Similarly, since the models show that rela¬ 
tive number of upper-AGB stars per RGB star (first ascent and 
early-AGB) decreases with increasing age, including an addi¬ 
tional intermediate-age population older than that used would 
result in a larger overall intermediate-age population fraction. It 
is unlikely, however, that the true intermediate-age population 
fractions for these dEs are more than a factor of two higher than 
the limit given. 

At ~15%, or even at ~30%, these intermediate-age popula¬ 
tion fractions are notably lower than for the outlying MW dE 
satellites Fornax and Leo I, where the intermediate-age pop- 
ulation fractions are do minant. Even for Leo II, the results of 
lMighell&Ri^(ll996l) suggest an intermediate-age population 
fraction of ~40-50%. The Cen A group dEs appear instead to 
be more similar to the outlying lower luminosity dE compan¬ 
ions of M31. 

As regards the comparison of these Cen A group dEs with 
dEs in the Local Group, two further points can be made. First, 
we have already noted that the (B - R )n colours of thes e 
two galaxies are typical of those for dEs { l^rien '^ boOOal) . 
Second, using the photometry of llerien et al.l J2nonali and our 
moduli, we estimate that the integrated absolute V magnitudes 
are -12.6 and -11.5, for AM 1339-445 and AM 1343-452, re¬ 
spectively. With these magnitudes and the average metallicities 
of -1.4 and -1.6 derived above, both galaxies follow closely 
the l uminositv-metallicity relation defined by the Local Group 
dEs jCaldwell et al.ll998l) . 

5. Summary and Conclusions 

We have presented an analysis of the red giant populations 
of two dE galaxies in the Cen A group, AM 1339-445 and 
AM 1343-452, using a combination of near-IR and optical 
data. Both dEs are distant companions of Cen A, the dominant 
galaxy of the group. 

Using the luminosity of the tip of the RGB 
we have measured distance moduli of both galax¬ 
ies, (m - M)o(AM1339-445) = 27.74 ± 0.20, and 

(m - M)o(AM1343-452) = 27.86 ± 0.20, which are 

in good agreement wi t h previously publ ished values 
dKarachentsev et aD l2002t l.lerien et al.l l2000lj) . The mean 
colour of the upper RGB stars is used to determine the mean 
metallicities of <[Fe/H]) = -1.4 + 0.2 for AM 1339-445 and 
<[Fe/H]> = -1.6 + 0.2 for AM 1343-452. The integrated 
colours of these two dEs are similar to those of other dEs and 
they follow the same luminosity-metallicity relation of the LG 
dEs. 

We find evidence for the presence of intermediate-age 
upper-AGB stars in both galaxies, with the most luminous of 
these stars being 0.2-0.3 mag brighter in AM 1343-452, than in 
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AM 1339-445. The luminosities of these stars indicate that sig¬ 
nificant star formation continued in AM 1343-452 until an age 
of ~4 Gyr as against ~6.5 Gyr in AM 1339-445. In this respect 
these Cen A group dEs are similar to the outlying dE satellites 
of the Milky Way. However, we estimate that the fraction of the 
total population that is of intermediate-age is perhaps ~15%, 
which is significantly less than the dominant intermediate-age 
populations found in outlying Milky Way dE satellites such as 
Eornax and Leo I. 

With only two galaxies it is premature to draw any defi¬ 
nite conclusions regarding our long term goal of investigating 
the role of environment on the evolution of dE galaxies in the 
Cen A group (cf. Sect. [3. Nevertheless, it is interesting that 
despite the rather large distance of both dEs from Cen A, their 
intermediate-age populations are small and relatively old, par¬ 
ticularly when compared to the outer dE satellites of the Milky 
Way. We must, however, await similar analyses for additional 
dEs in this group before drawing any inferences from this re¬ 
sult. 
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